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(54) MANUFACTURE OF SOLID ELECTROLYTE FUEL CELL 

(57)Abstract: 

PURPOSE: To enhance the mass productivity, reliability 
and characteristics of an electrode plate by preparing a 
slurry by dispersion of electrode active material powders 
in a solvent, impregnating a porous ceramic with the 
slurry, drying the slurry, and heat treating the porous 
ceramic in a predetermined atmosphere, 
CONSTITUTION: Electrode active material powders are 
dispersed in a solvent to prepare a slurry, and a porous 
ceramic is impregnated with the slurry applied thereto 
and the slurry is dried, oxidized and sintered 
continuously, so that the porous ceramic supports the 
electrode active material. Next, a solid electrolyte is 
laminated on the porous ceramic to prepare an electrode 
plate. The slurry is cast into the porous ceramic, then 
decompressed and defoamed so that the slurry 
impregnates the porous ceramic. Thereafter, the 
electrode plate is dried and burned in air, and is heat 
treated in a hydrogen reducing atmosphere after removal 
of a binder. Therefore the electrode active material is 

held in the pores of the porous ceramic and functions as an electrode or a reforming catalyst. 
The diffusion performance of reactive gas is thus enhanced and the characteristics, mass 
productivity and reliability of the electrode plate can be enhanced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the electrode plate 
of a solid oxide fuel cell, especially relates to the manufacture approach of an anode electrode 
plate. 
[0002] 

[Description of the Prior Art] the catalyst which solid oxide fuel cells are 800 thru/or a 1000- 
degree C fuel cell which carries out operating at high temperatures, do not have the problem of 
electrolytic support or corrosion, using a solid zirconia as an electrolyte, and lowers the 
activation overvoltage under actuation is unnecessary — etc. — there is the outstanding 
description and it inquires actively. 

[0003] Drawing 2 is the decomposition perspective view showing the conventional solid oxide fuel 
cell. The anode electrode plate 1 of the porosity which consists of a zirconia which are nickel 
and a solid electrolyte, and yttria stabilized zirconia YSZ It consists of a separator 4 by which 
the laminating was carried out to the cathode electrode plate 3 which serves as the solid 
electrolyte object 2 which consists of sheet metal from lanthanum strontium comics night La(Sr) 
Mn03, and the cathode electrode plate 3. A separator 4 is manufactured using lanthanum- 
calcium-chromite La(calcium) Cr03. 

[0004] Drawing 3 is process drawing showing the manufacture approach of the conventional 
anode electrode plate. Nickel oxide and yttria stabilized zirconia YSZ Weighing capacity is carried 
out by the weight ratio of pair (1 thru/or 2) 1. As HAINDA, there is no 0.5 about 3 thru/or 5 % of 
the weight, and a polyethylene glycol REG, it adds 2% of the weight, and wet blending of the 
polyvinyl butyral PVB is carried out in ethanol, and it is dried. 

[0005] The obtained fine particles are put into metal mold, and it fabricates by the pressure of 
100MPa, and is made the shape of a disk. Coarse grinding of this disk is carried out with a cutter 
mill, the sieve of 300 micrometers of openings is passed, and it corns. 2h temporary quenching of 
the granulation powder was carried out at the temperature of 1300 degrees C in air. There is no 
0.5 in this temporary-quenching powder in polyvinyl alcohol PVA as a binder about 3 thru/or 5 % 
of the weight, and a polyethylene glycol PEG, and it adds 2% of the weight, and in a water 
solution, stirring mixing is carried out and stoving is carried out. It put into metal mold, actual 
molding was carried out by the pressure of 30 thru/or 50MPa(s) with the room temperature, 2h 
was calcinated at the temperature of 1400 degrees C in the hydrogen reduction ambient 
atmosphere, and the anode electrode plate of 35% of porosity had been obtained. 
[0006] the other sheet molding above-mentioned to this molding, extrusion molding, and CIP 
(Cold Isostactic Pressing) etc. — it is used, calcinating an anode electrode plate in an oxidizing 
atmosphere, and passing fuel gas at the time of cell actuation — the interior of a cell — 
reduction — carrying out — nickel-zirconia nickel-Zr02 from — it can also consider as the 
becoming conductive anode electrode plate. The nickel of the anode electrode plate 1 functions 
also as a reforming catalyst of the hydrocarbon contained in the natural gas used as fuel gas, 
coal gas, etc. 

[0007] the anode electrode plate 1 — the solid electrolyte object 2 — yttria stabilized zirconia 
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YSZ etc. — using — thermal sj^tying — or a laminating is sintered and c^ried out at after 
[ spreading by the spray ] 1400 thru/or the temperature of 1500 degrees C. Moreover, a cathode 
electrode plate fabricates and grinds lanthanum strontium comics night La(Sr) Mn03 fine 
particles, after wet blending, it is corned, is heat-treated in an oxidizing atmosphere, performs 
this molding of pressurization molding by metal mold, sheet molding, extrusion molding, CIP (Cold 
Isostatic Pressing), etc. using the granulation powder, and is calcinated and manufactured in an 
oxidizing atmosphere. 

[0008] The laminating of the separator 4 is carried out to the cathode electrode plate 3 by 
means, such as thermal spraying, using lanthanum-calcium-chromite La(calcium) Cr03. 
[0009] 

[Problem(s) to be Solved by the Invention] However, although there was permeability of hydrogen 
gas by porosity, the mechanical strength of an electrode plate of the conventional anode 
electrode plate 1 was not enough. Comparing the electrode plate which calcinated especially in 
the oxidizing atmosphere and was returned in the reducing atmosphere with the electrode plate 
calcinated in the oxidizing atmosphere, the mechanical strength was 1/2 thru/or 1/3. Therefore, 
the crack had occurred to the anode electrode plate easily by distortion resulting from the 
difference of coefficient of thermal expansion with the thermal shock at the time of zirconia 
thermal spraying, and the zirconia of a solid electrolyte plate. 

[0010] Moreover, the anode electrode plate 1 also had the problem that a lifting and a crack 
produced a volumetric shrinkage, when returning in a reducing atmosphere. In the case of 30% of 
the weight of the nickel content which is the limit where conductivity is securable, the problem 
of this crack is generated. The anode electrode plate furthermore manufactured by said 
reduction has the bad affinity of nickel and a zirconia, and a crack tends to generate it at the 
time of cell assembly and ce|l actuation. 

[001 1] Since the diffusibility of oxygen used the lanthanum comics night LaMn03 for the top 
which is not enough and was manufacturing the whole cathode electrode plate, the cathode 
electrode plate concerning the further conventional process had the problem that a 
manufacturing cost became high. This invention is made in view of an above-mentioned point, 
and that purpose is in offering the manufacture approach of the solid oxide fuel cell which is 
excellent in mass-production nature, dependability, and a property by developing the new 
process of an electrode plate. 
[0012] 

[Means for Solving the Problem] According to this invention, the above-mentioned purpose is 
the manufacture approach of the electrode plate of a solid oxide fuel cell. (One) sinking-in 
process, (2) Include a baking process, and a sinking-in process distributes the fine particles of an 
electrode active material to a solvent, and prepares a slurry. Subsequently, it is the process 
which applies said slurry to a ceramic porous body, and sinks in, and a baking process is attained 
by supposing that it is the process which dries the ceramic porous body into which it sank in 
said fine particles, heat-treats in a predetermined ambient atmosphere, and prepares an 
electrode plate. 

[0013] As a ceramic porous body, partial stabilization or the zirconia by which full stabilization 
was carried out, an alumina aluminum 203, a mullite, etc. can be used by yttria, the magnesia, 
calcia, or Seria. These are used in the form of a honeycomb with a pore diameter of 50 
micrometers or more, a mesh, and the felt. The felt consists of a fiber of the ceramics. If a thing 
1 micrometer or less has a good particle size of the fine particles of nickel oxide, a nickel 
carbonyl, metal nickel, and nickel carbonate and the nickel as an anode electrode active material 
has a large particle size, the reforming engine performance of the hydrocarbon which is fuel gas 
will fall. 

[0014] As for the zirconia fine particles which mix with the above-mentioned nickel and are used, 
yttria, calcia, a magnesia, and the full stabilization zirconia and partially stabilized zirconia that 
added Seria are used as a stabilizing agent. Nickel-zirconia nickel-Zr02 The presentation ratio of 
inner nickel is set as 30 thru/or 80% of the weight of the range from sintering prevention of 
nickel again, in order that an electrode plate may maintain good conductivity. When the 
presentation of nickel is less than 30 % of the weight, conductivity is bad, and when exceeding 80 
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% of the weight, omission of a n^el-zirconia take place. 
[0015] As a cathode active material, lanthanum strontium comics night La(Sr) Mn03 and 
lanthanum-calcium-chromite La(calcium) Cr03 grade are used. By the solvent system, the 
binder in slurry preparation has a polyvinyl butyral, ethyl cellulose, acrylic resin, etc., and is 
dissolved and used for solvents, such as toluene, cellosolve, and ethyl alcohol. Moreover, in a 
drainage system, polyvinyl alcohol, methyl cellulose, carboxyl methyl cellulose, etc. are used. 
Moreover, the emulsion system water solution of acrylic resin or butadiene resins is used. 
[0016] The addition of the binder to the fine particles in a slurry has 2 thru/or 10 desirable % of 
the weight. If the adhesive ability of fine particles is bad and exceeds 10% to a ceramic porous 
body, the fall of the spreading consistency of fine particles will produce less than 2% of case, 
neither precise nickel-zirconia nickel-ZrO two-layer nor three layer of lanthanum strontium 
comics night La(Sr) MnO(s) etc. can be formed, but these layers fall out from a ceramic porous 
body after sintering. 
[0017] 

[Function] An electrode active material is held in the pore of a ceramic porous body, and 
functions as an electrode or a reforming catalyst. The mechanical strength of an electrode plate 
is given by the ceramic porous body. A ceramic porous body causes a volume change neither by 
oxidation nor reduction, but is mechanically stable. 

[0018] A ceramic porous body raises the diffusibility ability of reactant gas again. An electrode 
active material is a right conductor, and after having been supported by the ceramic porous 
body, it gives conductivity to an electrode plate. Since the coefficient of thermal expansion of an 
electrode plate is determined by the coefficient of thermal expansion of a ceramic porous body, 
it can aim at easily adjustment of coefficient of thermal expansion with a solid electrolyte object. 

[0019] 

[Example] Next, the example of this invention is explained based on a drawing. 

Example 1 drawing 1 is the flow chart showing the production process of the solid oxide fuel cell 

concerning the example of this invention. 

[0020] To the ceramic porous body, it carried out spreading sinking in of the slurry, and dried, 
oxidation baking and reduction baking were performed continuously, and the electrode active 
material was supported to the ceramic porous body. Then, the laminating of the solid electrolyte 
object was carried out to the ceramic porous body, and the electrode plate was prepared. As a 
ceramic porous body, it is the stitch-like yttria stabilized zirconia YSZ with a pore diameter of 50 
micrometers or more. It used. 

[0021] A slurry is the following, and was made and prepared, nickel oxide NiO Fine particles and 
yttria stabilized zirconia YSZ fine particles — an opposite (1 thru/or 2) — weighing capacity was 
carried out by the weight ratio of 1 . It is a polyvinyl butyral PVB as a binder. It is dibutyl 
phthalate DVP as toluene, methyl isobutyl carbitol and ethanol, and a plasticizer as 2 thru/or 10 
% of the weight, and a solvent. It uses, and a ball mill may be used and it was made to distribute. 
[0022] A slurry is slushed into a ceramic porous body and it is 8x103Pa. Degassing was 
decompressed and carried out and the slurry was infiltrated into the ceramic porous body, since 
it dries after sinking in, 10h of ceramic porous bodies is calcinated at the temperature of 300 
degrees C in air and a binder is removed — the inside of a hydrogen reduction ambient 
atmosphere — temperature 1200 thru/or 1400 degrees C — 2 — or 5h was heat-treated. The 
anode electrode plate without a crack with a diameter phi200mmx thickness of 3mm was 
obtained by this approach. 

[0023] Then, yttria stabilized zirconia YSZ The plasma metal spray was carried out and the solid 
electrolyte object of 200-micrometer thickness was formed. 

To the example 2 ceramic porous body, it carried out spreading sinking in of the slurry, and dried, 
oxidation baking was performed, and the electrode active material was supported to the ceramic 
porous body. 

[0024] Then, the laminating of the solid electrolyte object was carried out to the ceramic porous 
body, and the electrode plate was prepared. As a ceramic porous body, it is the stitch-like yttria 
stabilized zirconia YSZ with a pore diameter of 50 micrometers or more. It used. A slurry is the 
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following, and was made and p'r^Mfred. nickel oxide NiO Fine particles anc^ffria stabilized 
zirconia YSZ fine particles — an opposite (1 thru/or 2) — weighing capacity was carried out by 
the weight ratio of 1. It is a polyvinyl butyral PVB as a binder. It is dibutyl phthalate DVP as 
toluene, methyl isobutyl carbitol and ethanol, and a plasticizer as 2 thru/or 10 % of the weight, 
and a solvent. It uses, and a ball mill may be used and it was made to distribute. 
[0025] The slurry was slushed into the ceramic porous body, degassing was decompressed and 
carried out to 8x103 Pa, and the slurry was infiltrated into the ceramic porous body, after sinking 
in — drying — a ceramic porous body — the inside of air — temperature 1400 thru/or 1500 
degrees C — 2 — or 5h was calcinated. Nickel oxide-zirconia NiO-Zr02 which is an electrode 
active material was able to be firmly burned on the ceramic porous body by this oxidization 
baking. 

[0026] Thus, the anode electrode plate without a crack with a diameter phi200mmx thickness of 
3mm was obtained. Then, yttria stabilized zirconia YSZ The plasma metal spray was carried out 
and the solid electrolyte object of 200-micrometer thickness was formed. 

The conventional anode electrode plate which does not form the example of comparison 1 solid- 
electrolyte object was used as the 3mmx3mmx50mm test piece, and the tripartite bending test 
was performed. The reinforcement of an anode electrode plate was 20 thru/or 25MPa(s). The 
reinforcement of the anode electrode plate concerning examples 1 and 2 was 40 thru/or 50MPa 
(s). The amount of curvatures which results in destruction was [ 0.1 mm and the anode electrode 
plate of an example of the anode electrode plate of the example of a comparison ] 2mm in trial 
width of face of 40mm. Thus, the anode electrode plate concerning an example was compared 
with the anode electrode plate of the example of a comparison, and the amount of curvatures 
which results in a twice as many mechanical strength as this and 20 times as many destruction 
as this was shown. 

[0027] the anode electrode plate which requires for 1 .2 A/cm2 and the example of a comparison 
the anode electrode plate which the current density the electrical potential difference at the 
time of disconnection indicates 1 V and polarization-voltage 0.6V to be in both sides requires for 
an example as a result of constituting a cell using the anode electrode plate of the example of a 
comparison, and an example, carrying out the bubble of the gas which contains more than 
methane 90 volume % as fuel gas in the water temperature of 80 degrees C and measuring a cell 
property at the cell temperature of 1000 degrees C — 1.0 A/cm 2 it was . It turns out that the 
reforming engine performance of the fuel gas in this invention is the former, an EQC, or more 
than it. 

[0028] Moreover, as for the anode electrode plate concerning an example, generating of a crack 
was not accepted in the heat cycle of starting of a cell and a halt If this invention is compared 
with the conventional manufacture approach, the manufacture approach of this invention will be 
briefer than the conventional thing, and can perform large process compaction of solid oxide fuel 
cell manufacture. Moreover, in order that the mechanical strength of an anode electrode plate 
may improve, manufacture of an anode electrode plate with thin thickness is attained by the 
large area. Since there is furthermore flexibility in an anode electrode plate, in adhesion with a 
solid electrolyte object improving and being able to aim at reduction of contact resistance with a 
solid electrolyte object, much more improvement in heat-resistant cycle nature is enabled. 
To the example 3 ceramic porous body, it carried out spreading sinking in of the slurry, and dried, 
oxidation baking was performed, and the electrode active material was supported to the ceramic 
porous body. 

[0029] Then, the laminating of the solid electrolyte object was carried out to the ceramic porous 
body, and the electrode plate was prepared. As a ceramic porous body, it is the felt-like alumina 
aluminum 203 with a pore diameter of 50 micrometers or more. It used. A slurry is the following, 
and was made and prepared. The fine particles of lanthanum strontium comics night La(Sr) Mn03 
were used as an electrode active material. It is a polyvinyl butyral PVB as a binder. It is dibutyl 
phthalate DBP as toluene, methyl isobutyl carbitol and ethanol, and a plasticizer as 2 thru/or 10 
% of the weight, and a solvent. It uses, and a ball mill may be used and it was made to distribute. 
[0030] The slurry was slushed into the ceramic porous body, degassing was decompressed and 
carried out to 8x103 Pa, and the slurry was infiltrated into the ceramic porous body, after sinking 
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in — drying — a ceramic porou^Dody — the inside of air — temperatur^uOO thru/or 1400 
degrees C — 2 — or 5h was calcinated. Lanthanum strontium comics night La(Sr) Mn03 which 
is an electrode active material by this oxidization baking is an alumina aluminum 203. It was able 
to be firmly burned on the ceramic porous body. 

[0031] Thus, the good cathode electrode plate of gaseous diffusion nature with a diameter 
phi200mmx thickness of 3mm was obtained. Then, the plasma metal spray of the lanthanum 
chromite LaCr03 was carried out, and the separator of 200-micrometer thickness was formed. 
The solid oxide fuel cell was constituted using the cathode electrode plate concerning this 
example, and the polarization property was measured. The solid oxide fuel cell using the cathode 
electrode plate concerning this example is current density 1.35 A/cm2. It set and polarization 
voltage 0.6V were shown. For this, the conventional cells are 1.0 A/cm2. It turns out that the 
polarization property is improving as compared with having set and polarization voltage 0.6V 
having been shown. 
[0032] 

[Effect of the Invention] According to this invention, it is the manufacture approach of the 
electrode plate of a solid oxide fuel cell. (One) sinking-in process, (2) Include a baking process, 
and a sinking-in process distributes the fine particles of an electrode active material to a 
solvent, and prepares a slurry. Subsequently, since it is the process which applies said slurry to a 
ceramic porous body, and sinks in and a baking process is a process which dries the ceramic 
porous body into which it sank in said fine particles, heat-treats in a predetermined ambient 
atmosphere, and prepares an electrode plate An electrode active material is held in the pore of a 
ceramic porous body, and functions as an electrode or a reforming catalyst, and the mechanical 
strength of an electrode plate is given by the ceramic porous body. A ceramic porous body 
raises the diffusibility ability of reactant gas again. Thus, the solid oxide fuel cell which is 
excellent in a property, mass-production nature, and dependability is obtained. 



[Translation done.] 
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